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THE INHIBITION OF OVULATION AMD ACCOMPANYING ABNORMAL ESTROGEN 
EXCRETION AND FASTING BY WHITE LEGHORN PULLETS FED RONNEL 
(0 , O-DIMETHYL 0~ (2, A, 5 TRICHLOROPHENYL) PHOSPHOROTHIOATE) 
INTRODUCTION 
In 1965 and 1966 this author (M.S. thesis 15)66) demonstrated that 
ronnel Inhibited egg production in White Leghorn pullets force fed 
300 mg/kg/day or more, for three successive days (Tables A and B, 
Pages 2A and 25). It was also observed that treated birds fasted. 
The following paper is divided into two sections. First, the 
cause and effect relationship of fasting with inhibition of ovulation 
is investigated; second, estrogen excretion of treated birds is compared 
to that of normal birds. 
\ 
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SECTION I 
Fasting and Ovarian Inhibition 
Review of the Literature 
< 
Hosoda et al. (1955, 1955) and Morris and Nalbandov (1951) showed 
that starvation causes ovarian degeneration and cessation of ovulation 
within 72 hours. Injections of the gonadotropins, fol1icle stimulating 
hormone and luteinzing hormone, (FSH and LH) prevented ovarian degenera¬ 
tion and in some cases induced ovulations for eight or more days after 
the removal of food. Their data therefore indicated that starvation 
caused the pituitary to cease secreting adequate gonadotropins for egg 
production. This demonstrated ability of gonadotropin supported pullets 
to continue production after eight days of starvation discredits Johnson 
and Fisher's (1955 and 1958) assumption that hens receiving amino acid 
deficient diets stop laying abruptly because of an inability to synthe¬ 
size egg proteins. Morris and Nalbandov (1951) correctly reinterpret 
these results as most likely indicating interference with pituitary 
function. 
In the light of these findings an experiment was performed to 
further quantitate the inhibition of egg production, the onset of 
fasting, and to determine if ovarian inhibition is a result of the 
induced fasting. 
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MATERIALS AND METHODS 
Thirty White Leghorn pullets, 25 weeks of age were randomly placed 
in two Harford LC3 individual bird cages. Birds were conditioned to 
drink from 2*t0 ml bottles equipped with gravity fed glass tubes and to 
feed on layer pellets from individual feeders for two one-hour periods 
at 7 A.M. and 7 P.M. daily. Food, water and egg production data were 
recorded daily. Egg yolks were separated and individually placed in 
labeled polyethylene bags and quick frozen. 
The mean food consumed per bird per day during days 7”10 was then 
calculated and used to divide the birds into two groups of equal feed 
consumption. The birds were arranged in ascending order of food con¬ 
sumption. The first bird was placed in group //l, the second in group 
#2, the third in group #2, and the fourth in group #1, etc. The birds 
were re-randomized throughout the battery. The first group was then 
force fed food and water twice daily at 7 A.M. and 7 P.M. for the re¬ 
mainder of the experiment. The second group was fed measured portions 
of food and water for two one-hour periods as described above. 
Force feeding was effected by fitting a 15.0 cm polyethylene funnel 
with neoprene tube 20.0 cm long. The ID of the funnel bore was 1.0 cm 
at the tip, the tube had an ID of 5*0 mm and a 0D of 8.0 mm. 
The tip of the tube was rounded. The birds were removed singly 
from their cages and their wings locked behind them. One person then 
held the birds' mandibles open, extending their neck. A second person 
had meanwhile grasped the funnel and tube in one hand and with the tube 
kinked dumped the preweighed ration (50 g.) into the funnel. Approxi¬ 
mately 50 ml of distilled water was added to the funnel. The pellets 
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formed a slurry. The tube was passed Into the birds' crop and the 
funnel held over its head. The slurry flowed down the tube directly 
into the crop. Care was taken to keep the food in suspension by con¬ 
stantly mixing or the settling food jammed the funnel. Such jams were 
cleared with a metal rod. An additional 20 ml of H20 was added to rinse 
the empty funnel. (See Fig. 3, Page 5^ for pictures of technique). 
Prior to feeding the force fed birds all the free fed birds were 
removed from their cages, their wings locked, and a plastic tube, 
identical to the one described above, was passed into their crops and 
withdrawn. They were then replaced in their cages. When all free 
feeding birds were thus handled they were offered food and H20. While 
they ate the force fed birds were fed. Fifteen force fed and 15 free 
fed birds could be fed by this method in about 1 1/2 hours after some 
practice. 
On April 10, 1967, corn oil solutions containing 0 mg/ml (control) 
30 mg/ml and 50 mg/ml technical ronnel were prepared as described by 
Callahan (M.S. Thesis 1966). Three, five bird subdivisions of each 
feeding group were selected randomly, and on April 11, 12 and 13 all 
birds were, weighed prior to the 7 P.M. feeding and then orally force 
fed ronnel three hours later as shown in Table I. This empty pretreat¬ 
ment weight was considered the birds "true" weight and was used in 
computing all three dosages of pesticide received*,. Thus each feeding 
group was randomly divided into three treatment groups receiving 
0, 300 mg/kg and 500 mg/kg technical ronnel/day for three consecutive 
days. All birds received 10 cc/kg of a corn oil solution differing 
only in ronnel content at each treatment. 
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TABLE | 
TREATMENT AND DOSAGE ASSIGNMENTS OF PULLETS - EXPERIMENT 1 
Force Free 
Fed Wt/ Dosage/day Fed Y/t/ Dosage/day 
Treatment Bird § G. ml Bird # G. ml 
1 1725 17.25 7 1620 16.20 
Control 2 1845 18.45 12 1445 14.45 
0/mg/ml 20 1682 16.82 13 1612 16.12 
Ronnel 21 1735 17.35 29 1470 14.70 
26 1830 18.30 30 1588 15.88 
5 1525 15.25 8 1515 15.15 
6 1650 16.50 10 1648 16.48 
300 mg/kg 15 1595 15.95 11 1820 18.20 
30 mg/ml 16 1625 16.25 22 1832 18.32 
Ronnel 18 1487 14.87 28 1610 16.10 
4 1520 15.20 3 1399 13.99 
500 mg/kg 9 1750 17.50 17 1442 14.42 
14 1640 16.40 19 1510 15.10 
50 mg/ml 24 1695 16.95 23 1842 18.42 
Ronnel 27 1728 17.28 25 1510 15.10 
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Approximately 18 hours after the final treatment one force fed 
bird from each treatment group (#4, 6 and 21) was killed and frozen 
whole, A gross internal examination was made by Dr. Donald Anderson 
of the Veterinary and Animal Science Department. Brain, depot fat, 
leg (thigh and drumstick), liver, ovaries and breast tissues were re¬ 
moved and frozen as described below. On April 26, 1967, all remaining 
birds were killed. Tissues were immediately removed and placed in 
individual "baggies'1 plastic bags, labeled, quick frozen on dry ice 
and stored at -10°C. 
Throughout the experiment eggs were recorded daily, the yolks 
were then placed in "baggies" brand plastic bags labeled and quick 
frozen. 
GLC analysis for ronnel was performed on all eggs and tissues as 
described by Smith, et_ aJL (I965) with the following exceptions. Fat 
samples were extracted directly into petroleum ether. A subsarnple of 
the extract corresponding to not more than 2 g. of fat was taken and 
processed as described above. 
The crops of force fed treated birds appeared distended at feeding 
time the 2nd and 3rd days after initial treatment. This distention 
lessened the 4th day and was unnoticeable the 5th day. Distention 
never occurred In force fed control birds. 
The following steps v/ere taken to test the extent of the digestive 
disturbance indicated by this failure of the crop to empty. Three days 
after initial treatment the droppings of two birds from each force fed 
group and a single bird from the control and 500 rng/kg dosage free 
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. feeding groups were collected for 26 hours, frozen in ice cream con¬ 
tainers, weighed, dried at 105°C until the weight was constant and 
rewelghed. The crops and contents of a force fed control bird, and 
1 bird from each force fed treatment group was weighed 6.0 hours after 
the last feeding three days after initial treatment. 
Body weights were recorded just prior to feeding on each treatment 
day, and 5, and 15 days after initiation of treatment. 
RESULTS AND DISCUSSION 
The crop weights of the force fed birds are presented in Table II. 
The differences in weights indicate that alimentary obstruction did in¬ 
deed occur three days after initial treatment. This obstruction was 
not caused by the force feeding technique because no such obstruction 
occurred the seven days of force feeding prior to treatment and the 
control force fed birds never became distended. The fecal sample data 
presented In Table III indicates that the weight of feces passed during 
-day 3”** after initial treatment was nearly equal in the force fed 
treated birds as in the force fed control birds. The large quantity 
of fecal material passed by force fed birds as compared to the free 
feeding control is explained by the smaller ration eaten by the free 
feeding bird. The treated free feeding bird had essentially stopped 
feeding. This is reflected in her fecal weight. Therefore although 
the crops of force fed treated birds were distended on this date 
evidently alimentary flow was returning to normal as indicated by the 
similarity of dry fecal material in force fed birds. This conclusion 
Is re-enforced by the facts that crop engorgement rapidly returned to 
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TABLE II 
FULL CROP WEIGHTS OF FORCE FED BIRDS KILLED ]k HOURS 
AFTER FEEDING THREE DAYS AFTER INITIAL TREATMENT* 
Treatment Wt. 
Bird § Group Crop + Contents 
21 Control 96 g. 
6 300/mg/Kg/day 218 g. 
4 500/mg/Kg/day 206 g. 
*100 g. of food + 100 ml of H^O were force fed all birds daily. 
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TABLE III 
WEIGHTS OF FECES PASSED IN A 26 HP PERIOD DAYS 3*4 
Treatment Dry Vt/ 
Group Bird if Wet Wt Dry Wt Wet Wt 
*Force Fed Control 1 1^2.738 50.732 .355 
26 133.394 *»3.338 .323 
*Force Fed 300 mg/kg 15 120.004 51.646 .430 
16 87.918 46.463 .528 
*Force Fed 500 mg/kg 9 102.21A 40.886 .400 
24 127.669 56.806 .444 
**Free Fed Control 13 99.813 38.54 .336 
**Free Fed 500 mg/kg 25 31.611 22.482 .711 
*Force fed birds received 100 g. of food and 100 cc of H2O daily. 
**Bird #13 consumed 57•0 g. of food 3 days after treatment. 
***Bird #25 consumed 3* ** ***0 g. of food 3 days after treatment. 
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normal after this. date, as noted above. The weights of force fed 
birds presented in Table tV and in Graph I; did not fluctuate as did 
treated free feeding birds. Therefore food not only passed through 
the alimentary canal but was assimilated and utilized by the treated 
force fed birds.. The free feeding birds, underwent massive weight loss 
as birds similarly treated with ronnel in data reported in the author's 
M.S. Thesis (1966). These data are presented in Graphs A and B. 
This weight loss reflects the inhibition of feeding documented in 
Table V and Graph II, Food and Water Consumption of Free Feeding Birds. 
Water Consumption varied widely between and within treatment groups 
even six days before initial treatment. The food consumption data is 
quite consistent and shows that treated birds stopped feeding and con¬ 
trol birds did not. These data indicate that treated birds lost weight 
because they cease feeding and not because they are unable to digest 
and absorb ingested food. 
Another interesting observation of the data in Table III is the 
relative consistency of dry wt/wet wt. ratio of all the droppings ex¬ 
cept the high reading of Bird #25; the free feeding 500 mg/kg treated 
bird. This latter weight would indicate either a low urine content 
mixed with the feces or a sample that had simply dried before collection 
more than the other samples. The latter is probable since the overall 
sample is so much smaller than the other samples, and food intake for 
this bird was 3 g- during the day of collection (Table III). Direct 
evidence indicating that urine volume on the average does not vary with 
treatment is present in Graphs V and VI and will be considered later. 
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TABLE IV 
Viei.gfxt Fluctuations of Free Feeding and Force Fed Birds 
Trt Bi rc 1 Date Date Date *3- r , 
*T 
Date Xr~ Xi Date X5- X] 
§ i 
Vli 
2 
4/12 
3 
4/13 
- k ~ 
4/16 * 4/26 ^ 
Free 7 1620 1595 1600 1600 1640 
Fed 12 1445 1449 +2.81 1420 +2.46 1480 +1.10 1530 +1.03 
Con- 13 1612 1668 1670 1650 1675 
trol 29 1470 1585 1590 1560 1450 
30 1588 1655 1645 1530 1520 
X 15*17 1590.4 1585 1564 1563 
Force 1 1725 1740 1795 1740 1730 
Fed 2 1845 1840 1900 1860 1890 
Con- 20 1682 1695 + 1.65 1740 +3.52 1710 +2.50 1670 +2.50 
trol 21 1735 1800 1810 - - 
26 1830 1885 1880 1920 1940 
X 1763.*i 1792 1825 1807.5 1807.5 
Free 8 1515 1540 1495 1320 1440 
Fed 10 1648 1605 -1.72 1560 -6.29 1480 -8.50 1710 +1.66 
300 11 1820 1725 1650 1650 1900 
Mg/ 22 1832 1800 1640 1740 1895 
Kg 28 1610 1610 1550 1520 1620 
X 1685 1656 1579 1542 1713 
Force 5 1525 1560 1540 1535 1660 
Fed 6 1650 1675 - - — 1679 - - 
300 15 1595 1610 +2.45 1535 -0.23 1620 +0.39 1720 +6.10 
Mg/ 16 1626 1695 1640 1665 1760 
Kg J_8 1487 1535 1470 1510 1550 
X 1576.4 1615 1572. 8 1582.5 1672.5 
Free 3 1399 1485 1400 1280 1615 
Fed 17 1442 1350 -2.86 1360 -8.37 1260 -16.68 1480 -1.01 
500 19 1510 1440 1385 1345 1565 
Mg/ 23 1842 1750 1570 1390 - 
Kg 25 1510 1455 1340 1140 1440 
X 1540.6 1496 1411 1283 1525 
Force 4 1520 1530 1490 - - 
Fed 9 1750 1778 1710 1770 1845 
500 14 1640 1630 + 1 .01 1540 -2.45 1720 +3.64 1710 +4.77 
Mg/ 24 1695 1700 1680 1678 1760 
Kg 27 1729 1780 1710 1742 1670 
X 1666.8 1683.6 1626.0 1727.5 1746.3 
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TABLE V 
FOOD AND WATER CONSUMPTION OF FREE FEEDING BIRDS 
130 GRAMS OFFERED DAILY 
Treatment 
Control 300 mg/kg 500 mg/kg 
Food H20cc Food H20 Food H20 
-6 76 240 99.6 167 100.0 180 
-5 61.6 151 78.4 269 76.2 1557 
-A 76.0 176 87.00 233 91.2 190 
-3 85.25 188 91.6 251 94.8 213 
-2 71.80 141.0 98.4 243 92.4 195 
-1 98.20 167 92.4 202 94.6 185 
0 70.40 104 87.2 298 71.4 94 
+1 75.40 165 70.2 184 40.4 104 
+2 51.00 181 33.6 190 18.0 118 
+3 51.00 3.0 4.0 
+4 61.60 136 16.4 164 3.6 170 
+5 67.20 194 48.8 162 17.6 98 
+6 77.60 153 65.0 174 39.6 98 
+7 90.00 121 79.2 249 49.6 195 
+8 93.40 191 97.0 266 86.76 182 
+9 69.00 116 92.8 261 73.5 154 
+ 10 78.00 121 95.8 243 82.0 159 
+ 11 77.00 150.8 98.4 286 89.5 152 
+12 73.20 162 99.4 264 92.0 259 
+ 13 66.0 180 92.0 233 75.75 157 
+14 79.60 186 101.00 256.3 106.00 179 
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in 
The data obtained from tissue analysis is containec/Table VI. 
Obviously tissue residues could not be monitored throughout the experi¬ 
ment since its primary purpose was to monitor egg production and food 
consumption. The data therefore is [of necessity] limited. 
Two things are readily apparent however. First residues in the 
leg and breast muscle, \h hours after treatment, were higher in the 
lower level treated bird. Turtle et_ a1_. (1363) found that residues in 
organochlorine fed birds were inconsistent with dosage rates. This 
discrepancy may not be as surprising as it would first appear since 
deposition of pesticides in a given tissue is dependent on physio¬ 
logical variables within the tissue. These data suggest that these 
variables can have substantial effects on the storage and possibly the 
toxicology of at least ronnel. 
The second conclusion evident from these data is that ronnel is 
absorbed readily and metabolized rapidly by the fowl. A more detailed 
indication of ronnel metabolism in the fowl is the disappearance curves 
of ronnel from the egg yolks of birds similarly treated by the author 
(M.S. Thesis 1966). These results are presented in Graphs C and D. 
These latter data indicate ronnel concentration peaks in egg yolks 
ovulated between the fourth and fifth day after first treatment and 
that residues rapidly decline so that the yolks of ^00 mg/kg dosed 
birds contain about 0.12 ppm on the 12th day after 1st treatment. 
These data are entirely consistent with the residues found in ovarian 
and other tissues in this experiment. 
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Table VII and Graphs III and IV contain the egg production data of 
this experiment. Notice that the initiation of force feeding had no 
discernible affect on egg production, but that ronnel treatment had an 
inhibitory effect. These data are completely consistent with prior 
results obtained by the author in research used in his Masters thesis. 
In these latter experiments birds were treated with varying dosages of 
ronnel as in this experiment except that in Experiment A birds were 
housed 5 birds in a wire cage. All birds received food and water ad 
libitum only. The egg production data of these experiments is con¬ 
tained in Tables A and B and are graphically presented in Graphs E 
and F. 
Three conclusions may be drawn from these data. First, egg 
production invariably ceases li to 5 days after initial treatment 
with kQO mg or more/kg ronnel for three successive days. Three 
hundred mg/kg dosage elicited nearly complete inhibition (Table B), 
lower dosages (100 mg/kg and 200 mg/kg) did not effect production. 
Second - treated birds fasted when fed ad libitum. Force fed 
birds suffered a digestive slowdown the day of, and the day following 
final treatment. This was not enough of an upset to cause significant 
weight loss. Treated free feeding birds lost weight because they 
ceased to feed, not because they were unable to utilize ingested food. 
Water consumption was variable among treated and untreated birds. 
Third force fed birds stopped producing eggs just as did free feeding 
birds. As noted above, nutrition of force fed treated birds was very 
close to the controls as judged by weight fluctuations. Therefore 
cessation of ovulation in treated birds is not caused by starvation. 
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TABLE VI I 
EGG PRODUCTION OF FORCE FED AMD FREE FEEDING 
TREATED AND UNTREATED BIRDS 
Eggs/Bird/Day - Experiment I 
Force Fed Free Fed 
Days 
After 
1st 
Treat- 
ment Control 300 mg 500 mg Control 300 mg 500 mg 
-1*1 .A .8 .6 .8 .6 .8 
-13 .6 .A .6 .6 .6 .8 
Eggs/BIrd/ -12 1.0 .8 .6 .A .8 .8 
Day -11 .A .A .8 .8 .2 . 8 
-10 .A .8 .6 .A .8 .8 
"9 .6 1.0 1.0 .8 .8 1.0 
-8 1.0 1.0 ..8 .8 .8 1.0 
Force-> ~7 .6 1.0 .8 1.0 .6 .6 
Feeding -6 .6 . 6 1.0 .6 1.0 .8 
Initiated ”5 .8 .8 .A . 6 . 8 . 8 
-A .8 1.0 1.0 .2 .6 1 .0 
-3 .8 .A .8 .8 1.0 .8 
-2 . 6 .8 .8 .2 .8 .8 
-1 .8 1.0 .A .8 .6 .8 
0 .8 . 6 1.0 .6 .8 1.0 
+1 -.A :8 1.0 .A .8 .8 
+2 .A 1.0 1.0 .6 1.0 .6 
+3 1.0 .25 0 . 6 .2 .2 
+A .5 .25 0 .A .2 .2 
+5 1.0 0 0 .A 0 0 
+6 .5 0 0 .6 0 0 
+7 1.0 0 0 . 6 0 0 
+8 .75 0 0 .6 .2 0 
+9 .5 0 0 .6 .2 0 
+ 10 .75 0 0 .6 .A 0 
+11 1.0 .25 0 .A .2 0 
+ 12 .5 .25 .25 .6 .6 .5 
+13 .5 .25 .25 .A .8 .5 
+ 1*4 .75 .75 .25 .6 . 8 .5 
+15 .5 .75 .5 .2 . 6 .25 
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TABLE A 
EGG PRODUCTION OF BIRDS TREATED WITH RONNEL 
Experiment A 
Control 100 mg/kg 200 rng/kg 400 mg/kg 
+1 1.0 .5 .25 .333 
+2 .5 .5 .75 .333 
+3 .5 .75 1.0 .333 
Days +4 1.0 0 .75 0 
After +5 .75 .25 0 0 
1 St +6 1.0 .5 .5 0 
Treatment +7 .75 .5 .5 0 
+8 .5 .75 .5 0 
+9 1.0 .5 .5 . 66 
+ 10 .5 .5 .5 .33 
+11 .5 .75 .5 0 
+ 12 1.0 .5 .25 .33 
+ 13 .75 .75 .75 .33 
+14 1.0 .5 .75 0 
+ 15 .75 .5 .75 .33 
+16 .75 .75 .75 0 
+17 .5 .75 1.0 . 66 
+18 .75 1.0 .75 . 66 
+19 .75 1.0 .75 .33 
+20 .5 .5 .75 . 66 
+21 .75 1.0 .75 .66 
25 
Days 
After 1st 
Treatment 
TABLE B 
EGG PRODUCTION OF BIRDS TREATED WITH RONNEL 
Experiment B 
T reatments 
Control 300 mg/kg 400 mg/kg 600 mg/kg 800 mg/kg 
4 .5 .66 .5 1.0 .714 
3 .833 1.0 1.0 1.0 .714 
2 .833 .33 .33 .40 .714 
1 .833 .833 .833 . 60 .857 
0 .500 .666 .500 .80 .571 
1 .500 . 666 .500 .20 .571 
2 .500 .500 .500 .20 .144 
3 . 656 .500 0 . 666 .144 
4 . 666 0 .333 .20 .144 
5 .666 . 166 0 0 0 
6 .5 . 166 0 0 0 
7 .5 0 0 0 0 
8 . 666 .166 0 0 0 
9 .5 . 166 0 0 0 
0 1.0 .166 .166 .20 0 
Ld 
I 
CL 
< 
QC 
O 
aaia d3d AVQ d3d S993 39Vd3AV 
D
A
Y
S 
A
F
T
E
R
 
1s
t. 
T
R
E
A
T
M
E
N
T
 
EG
GS
 
PE
R 
BI
RD
/D
A
Y
 
D
A
Y
S 
A
FT
E
R
 
FI
R
ST
 
TR
EA
TM
EN
T 
28 
The mechanism of this inhibition therefore is either a cumulative 
stress effect plus pesticide toxicity, or a physiological effect of 
the pesticide alone. The former mechanism is considered unlikely 
because force feeding and handling of all experimental birds for 14 
days before treatment, and force feeding of control birds for 15 days 
after treatment, caused no significant decrease in egg production as 
shown in Table VII and Graphs III and IV. However the treatment with 
pesticide caused exactly the same results as achieved in former experi¬ 
ments in both the free and force fed treated birds. Controls of both 
feeding groups showed no decrease in production. If cumulative stress 
effects were operative a decrease would be expected in all force fed 
groups. This did not occur. As seen above (Hosoda et_ aj_. 1955, 1956, 
Morris and Nablandov 1961) various stress thresholds exist which cause 
sudden complete reproductive shutdowns. The fact that the pesticide 
is the effecting agent in this experiment is evident because treatment 
.^handling plus force feeding of controls does not affect production yet 
treatment alone inhibits ovulation. Also if pesticide stress was 
cumulative with other traumatic stresses, similar physiological re¬ 
sponses would be expected In egg inhibition induced by pesticides and 
egg inhibition produced by stress factors other than pesticides. As 
will be seen later the very opposite occurs at least as concerns 
estrogen excretion. 
Prime consideration therefore must be given to possible phyiologi- 
cal mechanisms of action. Reproductive physiology offers myriad 
possibilities for inhibition. The pattern of sudden cessation of 
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ovulation, especially in the light of the findings of Morris and 
Nalbandov mentioned above, could indicate pituitary shutdown. Clues 
to other possible mechanisms can be obtained from the literature and 
are cited in the literature review of Section II. Monitoring of the 
urinary estrogen excretion rate of treated and untreated birds appeared 
to be a logical starting point In this study for the following reasons: 
a. Unaffected estrogen excretion would Indicate normal gonado¬ 
tropin secretion and unaltered estrogen synthesis. 
b. Partial or complete inhibition of a single estrogen might 
give information concerning the location and nature of the enzyme 
system involved. 
c. Complete estrogen inhibition would indicate either gonado¬ 
tropin inhibition, or inhibition of estrogen synthesis either intra 
or extra-ovarian or all of these. 
d. An added advantage of monitoring estrogen excretion of birds 
was the fact that such an approach would contribute information con¬ 
cerning the estrogen excretion of birds. As will be noted in the 
-following section, knowledge of these parameters is very limited. 
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SECTION II 
The Estrogen Excretion of Ronnel Treated Birds 
vs 
That of Untreated Birds 
Literature implicating pesticides with abnormalities in liver 
enzyme levels (usually measured by function) and various other 
metabolic disturbances in animals and specific reproductive abnor¬ 
malities in birds are becoming more common. 
Siekevitz as early as 1352 reported that DDT Increased the rate 
of the pentose phosphate pathway and the levels of reduced nicotina- 
phosphate 
mideadenine d i nuc.1 eot i de/(NADPH). These results were duplicated by 
Agosin et_ al_. (1963). 
Hart, Schutice and Fouts (1963), discovered that chlordane enhanced 
the metabolism of drugs in rat liver and postulated the induction of 
microsomal oxidases to be the cause. Hart and Fouts (1963) reported 
that DDT had a similar effect on drug metabolism by altering the level 
of activity of microsomal and soluble enzymes in rat liver tissues. 
These results were confirmed by llivicky et^ aj_. (1964). Fine and 
J.O. Molloy (1964) found that insecticides synergistic with DDT 
decreased the effect of barbituates in mice. 
Hart and Fouts (1965) extended their previous findings to include 
methoxychlor as also inducing the production of greater hepatic micro¬ 
somal activity. They found that rations of 5.0 ppm DDT fed for 3 
months increased enzymatic activity. Marrello (1965) reported that 
puromycin blocked the expected Increased liver microsomal activity of 
rats to DDT after intraper1tonea1 DDT injections. He therefore 
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attributes the enhanced liver erratic activity to induction of cicrc- 
scrssl enzyme synthesis by DDT- This is tre first ci-ect evidence 
concerning the cecha*iism cf the increased enzymatic activity observed 
by the authors quoted above. 
Kiros~ i ta et al, (15^7} descr'rec quantitative methods of 
cease ring the induction of hepatic nicroscral enzymes. They also 
measured the dietary leva’s of IT” a~d Toxaphere necessary to produce 
he pat I c enzN-matI c induction. 
Dietary levels of 0.2, 1.0, 5-C, 25-0, and 50.0 pm pesticide 
were fed to weanling rats. The lowest level that induced higher 
enzyre syr.t’ esis was 1 .C ppm CDT a~d 5.C :pa tox~pue-s. These daily 
levels increase the oxidative -atabclis-m c~ o-ethyl-o-(4-nitrophenyl) 
phenyl phosphonothioate (EPH), o-desaethy 1 ase and n~de»ethyl ase. Kaxiraua 
enzymatic ird.ctio- occurred 3 weeks after initial treatment, then the 
enzymatic activity level became static. Cessatio- of feeding caused a 
reversal to t~e control activity 1 eve1. Sanchez (15^7) confirmed the 
findings of Sorrel lo quoted above, he also found that intraperitoneal 
injecticns or ZZ~ increased liver weic~t and a ret increase in liver 
protein. Furthermore, cell free prepa-at ic-'S from pretreated a~irals 
incorporated DL-leacine-1- C i~to prote’- at a higher rate than pre¬ 
parations prepared from control animals. cara'lel to these changes, 
there is am increase in total r/vA. Sa-c’-ez interprets this as an 
effect to be expected if it is assumed t’~at c’ r:es in the synthesis 
of various types cf FdlA are Involved in the increased synthesis of 
specific proteins- 
32 
When DDT, phenobarbital and hydrocortisone were injected intraperi- 
toneally alone they greatly induced the formation of the enzymes 
Involved in the formation of an unidentified phenolic DDT metabolite. 
An unidentified reductive DDT metabolite was not induced by DDT and 
only slightly induced by the other compounds. DDT plus phenobarbital 
decreased the amount of the phenolic metabolite expected in an additive 
model, with the reductive metabolite remaining stable. DDT plus hydro¬ 
cortisone, and hydrocortisone plus phenobarbital reduces the production 
of both metabolites expected in an additive model. Hydrocortisone 
apparently stimulates the synthesis of messenger RNA (Garren et al. 
196*0. Sanchez (1967), states that since the presence of DDT inhibits 
hydrocortisone's ability to induce the production of the reductive 
metabolite, possibly DDT modifies messenger RNA. The evidence Sanchez 
presents does not justify these conclusions. Direct comparisons are 
made between the enzyme induction of DDT, hydrocortisone and pheno- 
barbital alone and in 2X2 combinations. Actually the combined treat¬ 
ments contained only 1/3 the initial dose of each chemical. This and 
the facts that graphed means are the only data presented make evalua¬ 
tion of the data impossible. However, his data do indicate a relation¬ 
ship between DDT, phenobarbital and hydrocortisone and the enzymatic 
induction caused by these chemicals. If tabular data were presented 
it would be interesting to analyze them considering the role hydro¬ 
cortisone was shown to play in enzymatic induction by Sheldon Murphy 
considered below. Sanchez must not have seen Murphy's papers or he 
chose to ignore them. 
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Another microsomal effect of DDT Is its induction of epoxides. 
Gillet (1968) found the "no effect" dietary level of DDT to be less 
than 2.0 ppm. This level enhanced the subsequent microsomal epoxida- 
tion of aldrin to dieldrin, its 6, 7 epoxide. Further investigations 
(Gillet and Clan 1968) demonstrated that the cyclodiene insecticides 
aldrin and heptachlor and their epoxides, dieldrin and heptachlor 
-epoxide, all induce microsomal epoxides. The "no effect" level is less 
than 5 ppm but more than 1 ppm fed to young male rats for 2 weeks. The 
facts that microsomal metabolism of cyclodiene epoxides v/as not found 
and that heptachlor and aldrin are co-substrates on the same enzyme 
Indicate that the enzymes are non-specific and are readily Inducible 
such as those with DDT above. 
Organic phosphate pesticides are often quoted as being specific 
cholinesterase inhibiting agents, which therefore, act specifically 
upon the nervous system. Experimental evidence has firmly established 
that this is not the case. As early as I960, Seume et_ a|_. demonstrated 
that parathion and malathion triacetin, o-nitrophenyl acetate, and 
diethylmaleate inhibited acetylcholinesterase. Combinations of para¬ 
thion and malathion in subacute dosages were at least additive on the 
basis of both symptoms and esterase inhibition. Wright et_ aj_. (1965) 
reported coumaphos heightened the serum glutamic oxalacetic transaminase 
(SGOT) levels 2^0% and serum glutamic pyruvic transaminase (SGPT) 200 
and 2hh% above the levels found in control rats. In addition, alkaline 
phosphatase was Increased by 120 to 140% of the control level. Perhaps 
the most interesting aspect of these findings is that these enzyme 
peaks are riot reached until the 6th - 10 day after treatment, and the 
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levels for the first five days are quite normal. The enzyme rise of 
SGOT and SGPT typically Indicates tissue damage. 
The most elegant experimental evidence concerning the action of 
pesticides on liver enzymes was contributed by Sheldon Murphy of 
Harvard in a series of papers from 1964-1966. The first paper 
(Murphy et al. 1964) showed that alkaline phosphatase activity in¬ 
creased several fold after acute Inhalation exposure to acrolein, 
formaldehyde, ozone, and nitrogen and sulphur dioxides. Then acrolein 
was shown to also increase the activity of hepatic tyrosine-1-ketoglu- 
tarate transaminase activity in rats (Murphy 1964, 1965). These re¬ 
sults are consistent with those found by other authors discussed In 
connection with chlorinated hydrocarbons above. However, Murphy went 
further; he showed that the enzymatic induction of acrolein was pre¬ 
vented or considerably reduced by adrenalectomy, or hypophysectomy, 
and by pretreatment with actinomycin, puromycin and ethlonlne. Treat¬ 
ment of adrenalectomized rats with hydrocortisone produced enzymatic 
effects in livers similar to those produced by acrolein in Intact rats 
(Murphy 1965). These findings indicate that acrolien treatment causes 
elevated liver alkaline phosphatase (AP) and tyrosine transaminase (TT) 
activities which represent increased rates of synthesis of these enzyme 
proteins and that this response Is mediated through the pituitary- 
adrenal cortex system, 
Murphy then demonstrated (1966) that the organophosphates Dipterex 
(phosthonate) Delnav (phosthorodithioate) and Malathion (phosphoro- 
dithioate) also elevated hepatic alkaline phosphatase and tyrosine 
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transaminase activities. Direct evidence for inductive synthesis of 
enzyme proteins was not obtained in this investigation as was the case 
in the papers reported above. However the effects on 1iver enzymes 
appeared to be mediated by the adrenals, since adrenalectomy greatly 
reduced the elevation of hepatic AP and TT produced by Delnav. A time 
lag was shown between maximum depletion of adrenal ascorbic acid 
(indicative of increased adrenal cortical activity) and the onset of a 
detectable increase in liver AP and TT activities. This evidence is 
strongly indicative that a similar mechanism is responsible for the 
liver enzyme effects after organophosphate poisoning as after poisoning 
with acrolein. Data are also presented indicating that compounds pro¬ 
ducing prolonged Intoxication are more likely to produce large increases 
In the activities of the adaptive liver enzymes. 
Murphy states that Anichkov et_ al_. (1962) were at least partially 
incorrect in stating the mechanism of these enzymatic inductions to be 
the cholinesterase action of the pesticides, interfering with the 
neuroregulatory pathways of the central nervous system which control 
the secretory activity of the anterior pituitary and thus of the 
adrenal cortex. He found that brain cholinesterase levels of rats 
given daily injections of Delnav to be depressed to only 20% of control 
levels, but liver AP and TT activities were not makedly increased. The 
livers of these rats were still capable of responding to cold stress 
however. 
The evidence to date indicates the presence of a common mechanism 
of Induction of liver AP and TT which is common to acute toxic stress 
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produced by irritants and organophosphate insecticides. As seen above, 
chlorinated hydrocarbon insecticides similarly induce the production of 
oxidative hepatic microsomal enzymes, and this effect is similarly 
blocked by puromycin. It would be interesting to see if hypophysectomy 
and/or adrenalectomy block the Inductive effect of chlorinated hydro¬ 
carbons. However, It would be purely speculative, with existing 
information, to suggest a unified theory of action for these compounds 
at any point prior to the stimulation of pituitary-adrenal activity in 
the case of the irritants (cited above) and organophosphates, and 
hepatic microsomal protein synthesis in the case of chlorinated hydro¬ 
carbon insecticides. 
The physiological effects of raising adaptive hepatic enzyme 
levels are not understood. There is growing evidence that these 
adaptive hepatic enzyme systems are implicated in steroid metabolism 
and that many pesticides interfere with reproduction. Conney and 
Clutch (1963) demonstrated the presence of enzymes in rat liver 
l\ 
microsomes that hydroxyl ate androgens such as testosterone and A - 
androstene-1 , 17"dione in the presence of reduced NADP and oxygen. 
Products of testosterone metabolism by this microsomal system include 
7-, 6B-; 16-, and 2B-hydroxytestosterone. Products of Aif-androstene~3, 
17“dione metabolism include 7" and 6B-hydroxy-A^-anderostene~3, 17” 
dlone. The 7“hydroxylated androgen was the major metabolite of both 
substrates. The intraperitoneal Injection of phenobarbital (37 mg/kg) 
or chiorcyclizine hydrochloride (12 mg/kg) to rats twice daily for k 
days stimulated the metabolism of testosterone to polar metabolites by 
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465% and 284% respectively, and stimulated the conversion of A^-andro- 
stene-3, 17-dione to polar metabolites by 697% and 534% respectively. 
The authors cite the similarity between their results and those of 
other authors (mentioned above) that showed the stimulatory effects 
of these drugs on enzymes of liver microsomes that hydroxylate various 
drugs. They conclude that the many similarities between oxidative drug 
metabolizing enzymes and oxidative steroid metabolizing enzymes may in¬ 
dicate that these reactions are catalyzed by the same enzyme systems. 
Kuntzman et al. (19^4) listed nine similarities between the 
steroid hydroxylase systems and the hexobarbital oxidase systems In rat 
livers. Among other similarities both are:NADPHand oxygen dependent, 
inhibited in vitro by SKF 525A, neither system is increased by previous 
treatment with 3~methy1cholanthrene, but both systems are induced by 
phenobarbital and, especially important in this study, by chlordane. 
They conclude that steroid hormones are naturally occurring substrates 
for drug metabolizing enzymes or share a common rate limiting step. 
Conney et^ al_. (1965) demonstrated that estradiol~ 17B hydroxylation 
is induced by drugs as is androgen hydroxyl at ion. Y/are (1965) found 
that mice fed Kepone, or Mirex, or Telodrin suffered hormonal imbal¬ 
ances. 
If hepatic microsomal steroid and drug metabolizing systems are 
identical, or controlled by a common rate limiting step as cited by 
these authors, the induction of hepatic microsomal systems by pesti¬ 
cides reviewed above would probably be indicative of steroid hydrox¬ 
ylase induction also. Concurrently with the evidence of pesticide 
induction of steroid metabolism, evidence has been accumulating 
that pesticides affect fertility and fecundity. 
Considering the evidence concerning mammalian fertility 
and pesticides first, Peakall (196?) and Mestitzova (1967) 
presented evidence that chlorinated hydrocarbons effect rat 
reproduction. G.W. Ware and his associates published a series 
of papers Investigating the effects of various pesticides on 
mouse reproduction. Good and Ware (1967) found that Kepone 
In the diet significantly decreased the number and the size 
of litters produced by female mice. Similar effects were 
found by these authors when investigating mi rex, Telodrin 
and DDT (Ware and Good (1967a)). 
The same authors (1567b) failed to observe any significant 
decrease in reproduction when feeding Tranid and G.C. 9160. 
Much more complete evidence is available concerning 
pesticide uses and its effects on avian species. 
1 
Jefferies (1966) observed that pp -DDT in the feed Increased 
1 
the time between pairing and egg laying in the Bengalese Finch 
(Lanchura striata). Control birds laid eggs 16 days after mating 
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birds averaging 260 ug/day pp-DDT averaged about 25 days from mating 
to first egg layed. The significance of this paper is primarily that 
it illustrates a type of research all too common in investigations of 
this type. The dosages that each bird received could not be measured 
because the seeds were topically coated; and then shelled by the birds. 
Birds of different treatment groups ate less than other groups. 
Tabulated data were not presented, control birds averaged 10 days older 
than treated birds, and the number of birds per treatment group varied 
from 18 to 4. Other papers of this quality will not be reviewed here. 
Gough et al. (1967) shov/ed that Guthion delayed and markedly re¬ 
duced egg production in the Japanese Quail when fed at 5A0 ppm for 10 
weeks. Egg hatchability was reduced at 180 ppm for the Bobwhite and 
5^0 ppm for the Japanese Quail. 
Undoubtedly the best documented data concerning pesticides having 
reproductive effects on natural populations concerns DDT and raptorial 
birds of prey. Hickey and Anderson (1968) reviewed the population de¬ 
clines in North America and Britain. They noted the pending extirpa¬ 
tion of the peregrine falcon (Falco peregrinus) in northwestern Europe, 
the complete extirpation of the nesting population of this species in 
the eastern half of the United States, and simultaneous declines among 
other fish-and bird-eating raptors In both sides of the Atlantic. 
They then examined 1,729 blown eggs. Shells were weighed to the 
nearest hundreth of a gram. In 29 percent a micrometer was inserted 
and A measurements of shell thickness taken and averaged. Peregrine 
falcons, bald eagles (Hallalltus 1eucocephalus) and ospreys (Pandion 
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ha1laetus) were selected as having one or more regionally declining 
populations: golden eagles (Agu?la chrysaeetos), red tailed hawks 
(Buteo jamalcensis), and great horned owls (Bubo virginlanus) were 
selected as reasonably stationary populations. In addition 57 eggs of 
the herring gull (Tarus argentatus) were collected from 5 colonies In 
1967. The shells were dried for 5 months, measured, and the contents 
analyzed for chlorinated hydrocarbons by a gas chromatographic pro¬ 
cedure. 
Correlating their data on shell thickness with well documented 
population trends recorded independently by other authors, Hickey and 
Anderson showed that population declines were always accompanied by 
loss of shell weight and thickness. These changes occurred simulta¬ 
neously In Europe and North America one year (1947) after chlorinated 
hydrocarbon came into general use. While changes in shell thickness 
in poultry are caused by age, dietary deficiencies, and other chemicals, 
the authors argue that the probability of these changes occurring 
simultaneously on two continents, one year after the introduction of 
DDT into general use is unlikely. Furthermore their data on gull eggs 
showed an inverse linear relationship between DDT residues In the egg 
and shell thickness. They cite the well known dependence of calcium 
storage, medullary bone formation and egg shell formation on estrogen 
titre (Taylor (1962), Common (1932)). The authors suggest that DDT 
has played a major role in Inducing microsomal metabolism of steroids, 
which in turn resulted in the egg shell changes In raptors, which 
precipitated population declines. The data presented in this article 
and one of Its authors (J.J. Hickey) played a key role in the Environ¬ 
mental Defense Fund’s effort to ban the use of DDT in Wisconsin. 
It should be remembered at this point that no one has demonstrated 
directly that pesticides alter steroid metabolism in birds, and that 
these changes in steroid metabolism are responsible for reproductive 
abnormalities. The evidence does demonstrate however that pesticides 
induce steroid metabolizing enzymes in rats and mice and lower fer¬ 
tility and fecundity in mice. Natural populations of raptors have 
declined, and In some areas became extinct concomitant with the wide¬ 
spread use of DDT. Declining populations invariably exhibit a decrease 
In egg shell thickness, possibly indicative of estrogen metabolism 
dysfunction. Since induction of steroid enzymes has been demonstrated 
In mammals it Is hard to discard the probability that this population 
decline Is caused by a steroid imbalance. 
In the previous sections ronnel has been shown to inhibit ovula¬ 
tion. Like calcium metabolism, ovarial growth and hence ovulation is 
also dependent upon estrogen tltre. The following experiments were 
undertaken to clarify the physiological effects of ronnel on the re¬ 
productive system of chickens. 
SECTION II. MATERIALS AMD METHODS 
A. Experimental Conditions 
University of Massachusetts strain, White Leghorn pullets, hatched 
May 20-30 1966, were used in all experiments. All birds were reared as 
a single flock in a heated and air-conditioned pen. Day length was 
maintained at 16 hours/day throughout the growing period. Prior to 
colostomy 5“15 birds were removed from the growing pen and placed in 
individual unit laying cages in a modern experimental poultry labora¬ 
tory. Length of day, and temperature were maintained at 16 
hours, and 78°C respectively. Exhaust fans provided for continuous air 
change in the room. Layer ration and H£0 were fed on demand. 
B. Collection of Urine 
Measurement of estrogen excretion in birds necessitates the separa¬ 
tion of urine and feces. This may be accomplished by two surgical 
approaches, separation of the ureters or the large bowel from the 
cloaca. Both techniques were tried prior to experimentation. 
Dixon and V/ilkinson (1357) described a two step operative procedure 
in which the cloaca is opened and the urodeum is cut and sewn to the 
base of the pygostyle. After the urodeum is healed to the pygostyle 
(7 days) the urodeum is dissected from the rest of the cloaca and the 
incision closed. The ureters then empty above the vent. Dixon (1958) 
described a latex rubber vagina liner and harness to collect this urine. 
This operation was attempted on three birds. The urodeum failed to heal 
adequately to the base of the pygostyle to maintain an adequate blood 
supply on all birds. After the stitches were removed or sloughed the 
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urodeum would pull away and return to the cloaca. This problem plus 
the forseen difficulty of quantitatively collecting the urine from 
against the skin of the pygostyle resulted in this technique's being 
abandoned. 
Fussell (1950) reviewed the three previous papers describing 
colostomy techniques in poultry. He criticized them for failing to 
provide such criteria of abnormality as behavior, appetite, and produc¬ 
tion; insufficient comment on the postoperative complications and how 
to avoid them; failure to mention the scant and fluid feces if any 
degree of stenosis or intestinal atony were present; and finally no 
long term quantitative data on the laying performance of altered hens 
were provided. 
Fussell states that general anesthesia and aseptic conditions are 
essential to success. 
His own method may be similarly criticized for its lack of detail 
and oversimplification of the problems involved. His procedure in¬ 
cludes "The terminal end of the large intestine as it joins the cloaca 
—is ligated, incised and exteriorized at a point half way between the 
Ischium and the abdominal midline, approximately one and a half inches 
anterior to the ventral lip of the cloaca on the right side." He pre¬ 
scribes the insertion of a glass canicula into the exteriorized bowel 
Immediately after the operation to prevent stenosis. He fails to 
mention the type and size of the incision, techniques for handling and 
suturing the intestine, whether the birds fasted before the operation, 
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antibiotics used, If any; and most important the method of attaching 
the bowel to the body wall and skin. Fussell mentions that Min some 
birds the skin immediately surrounding the bov/el tends to overgrow the 
orifice, but this difficulty is overcome11 by trimming the skin. This 
occurred sooner or later to all colostomized birds and v/as finally the 
cause of blockage unless preceded by other factors. Trimming the 
edges is a traumatic procedure which always damages the delicate and 
exposed intestinal columnar epithelium to which the squamus epithelium 
of the skin strongly adheres. The damaged intestinal epithelium is 
further irritated by the constantly discharged feces. Fibroblasts pro¬ 
liferate and scar tissue soon further interfere with prompt discharge 
of the bov/el. Trimming Is therefore at best a holding action which 
often is self defeating by actual hastening of the blockage. 
The methods of Richardson et_ aK (19&0) and Calvin (19&6) differ 
little from and did little to solve the problems of Fussell's technique. 
The latter techniques advocated the use of rubber eyedropper bulbs in 
place of the glass canicula's of Fussell's. These proved totally un¬ 
satisfactory causing blockage and tissue inflammation. 
Five birds were colostomized according to the above techniques. 
The birds went promptly out of production and the colostomies all 
failed to pass feces within 10-14 days. 
Refinement of technique was the obvious solution, therefore the 
medical literature concerning colostomy techniques of humans was 
consul ted. 
Warren and McKittrick (1951) commented on the postoperative 
complications often encountered in human colostomy; problems also 
encountered in poultry included; ileostomy dysfunction, dermatitis 
and postoperative hernia. Campbell and Schaerrer (1951) emphasized 
the necessity to minimize trauma to the bowel and the general use of 
good surgical technique. Patey (1951) stressed that primary epithelial 
opposition Is critical when suturing the intestinal mucosa to the skin. 
Crile and Turnbull (195*0 explained that the success of this technique 
was due to the prevention of fibrous scar tissue forming on the pro¬ 
truding peritoneum of the bov/el and mesentary with dysfunction caused 
when the scar tissue contracted occluding the bowel. 
Swinton and Shatman (196*0 stressed the importance of an adequate 
blood supply and no tension on the altered bowel. The surgeon must 
therefore free enough bowel and mesentery to supply freedom, and yet 
not so much as to compromise the blood supply. In the fowl this is 
best accomplished by cutting the mesentery dorsad at or near its point 
of origin. 
Golighher (1965) described a technique in which the fistula 
passage is constructed separately from the original incision. A 
circular tunnel is constructed through which the bowel Is passed. He 
also stressed the need to suture the mesentery and bowel to the rectus 
muscle through which it passes. His technique calls for 2 1/2 - 3 
inches of ileum to project beyond the abdominal skin; the distal edge 
of which is turned back and sutured to the skin. This leaves a 1 1/4 * 
2 1/2 Inch ileal bud projecting from the abdomen. 
Techniques suggested by these articles and innovations of the 
author led to the evolution of the following colostomy technique. The 
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selected bird Is held over a sink and given several clear water 
enemas until the lower bowel is empty. Care is taken to gently force 
no more than 50 cc of v/ater into the bowel at once. Full anesthesia 
is then given via a brachial vein using 2% nembutol until nictating 
membrane reflex is almost stopped. The bird was then placed in a . 
surgical frame designed by Dr. Donald Anderson (Fig. 1) on its back 
with its legs extended through rubber loops. Rather than plucking the 
bird the feathers were cut off at skin level thus avoiding the problem 
of quill regrowth. Feathers were trimmed from the right side approx¬ 
imately 3 cm anterior to the xiphoid process of the sternum, posterior 
to the tip of the pygostyle, from the midline distal and dorsal to the 
acetabulum including the leg. The trimmed area was then washed with 
Phisohex brand antiseptic detergent and dried. The bird is then draped 
with clean towel to minimize septic contamination. 
A 5 cm incision is made from above and mesad to the right ischium 
to the lip of the vent (Fig. 1). The incision is extended into the 
body cavity. A purse string suture is sewn at the cloacal intestinal 
junction taking care not to penetrate through the intestinal muscularis 
into the lumen. The first loop of a surgeon's knot is left lying 
loosely over the suture. Four cm above the cloaca a stitch is taken 
just under the serous coat, not into the muscularus. This thread is 
looped through a hemostat which is placed on the bird's ventral surface 
In such a way that the tension of the thread draws the bowel out of 
the body cavity. The mesentery is then freed by judiciously cutting 
it at its dorsal origin, above the cloacal junction, 3 cm in an 
t 
Figure I 
Modified Colostomy Operation 
47 
Incision Exposed Bowel 
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Purse String Closed Prepared Stoma 
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3 - weeks Obstruction and overgrowth 
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anterior direction. The bowel is now incised 0.5 - 1.0 cm anterior 
to the purse-string suture. Immediately the tension of the hemostat 
should draw the anterior bowel out of the cavity and to one side. The 
cut edge anterior to the cloaca is inverted into the cloaca and the 
purse-string securely closed and sutured. This brings the intestinal 
serosa in contact with Itself which hastens healing and the fringe of 
bowel sloughs into the cloaca, being discharged with the urine. 
Sulphathiazole is liberally introduced into the coelum and the 
posterior 2 cm of the peritoneum is closed with interrupted sutures. 
The free end of the bowel and the size and fatty condition of the 
bird is assessed. Crescents are cut through the body wall so when the 
wall is drawn together a tunnel Is formed through which the intestine 
can easily fit. These crescents are positioned to minimize the angle 
the bowel makes when leaving the coelom. They should also be tapered 
In a manner which allows the bowel to pass through the peritoneum 
with little room to spare and yet not be constricted by it. Too much 
room leads to hernia, too little to constriction. The skin and sub¬ 
cutaneous fascia are cut in larger crescents to maximize the time 
required to overgrow the fistula, and to take advantage of the 
elasticity of avian skin in supporting the bowel. 
The incision is closed with interrupted sutures at three levels. 
First the peritoneum; being careful to avoid bov/el constriction or 
leave gaps for hernia formation. The bowel may then be secured to 
the subcutaneous fascia by interrupted, serosal sutures. The distal 
end of the bowel Is sewn with continuous sutures to the skin. The 
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sutured skin and bowel are coated with vaseline. A lubricated glass 
tube, fitted with a plastic collar, is passed down the intestinal 
lumen until It extends through the body wall. The collar is sutured 
to the skin. Throughout the operation clean but not aseptic technique 
Is practiced. Efforts are made to minimize blood running into the 
coelom by clamping arterioles, and using sterile gauze swabs. Each 
bird was given 210,000 units of Pfizer Penicillin G intramuscularly 
at the conclusion of the operation. 
Birds passed solid cordlike feces 3 hours after completion of the 
operation described above. Stitches were removed 7 **8 days after the 
operation. The glass canlcula was removed when the stitches were 
observed to be about to pull out. The necessity for daily postopera¬ 
tive observation and adjustment cannot be overstressed. Fowl 
continuously pass feces from the large bowel, which has a very limited 
storage capacity. Any blockage distends and distorts it so that it 
never empties efficiently thereafter. Blockage or Improper fit causes 
feces to work between the canlcula and the intestinal wall which causes 
necrosis of the intestine and extensive scar formation and blockage. 
All efforts to establish permanent colostomies failed. The 
healing of glandular intestinal epithelium to the squamus epithelium 
of the skin is unstable In the fowl. This instability is aggravated 
by the continuous flow of feces, the plasticity of the skin, and the 
fatty-and therefore unstable nature of the stomal location. Due to 
these factors inevitably either the gut-skin union breaks down or the 
skin stretches, sinking into the stoma, (Fig. 1). In either case scar 
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tissue proliferates, eventually blocking the flow. 
i 
Eighty birds were colostoniized in all. The first 60 birds were 
used in developing the colostomy technique, one of these birds laid 
consistently after surgery. Of the last 20 birds colostomlzed, 10 
birds returned to production. Only birds which had returned to produc¬ 
tion for at least three days were used for experimental purposes. 
A modification of the harness developed by Nelson is pictured In 
Figure 2. This harness was used in collecting urine from the vent, not 
feces from the fistula. Therefore the harness was modified to let eggs 
pass by the urine collection device. This was accomplished by the weak 
holding action of the lower elastic bands. Eggs flip the bottom of the 
cap out and up, passing beneath it. The weight of the urine sample is 
borne by the heavy bands above the cap. Urine was collected in 
"Evenflo" brand disposable baby bottle bags. These bags are tough 
and Initially sterile. The bag is passed through the plastic cap, and 
the ends of the bag folded back. Small elastics hold the bag in place 
by fitting into notches on the cap. One hundred mg (2 ml) of oxytet- 
racycline hydrochloride was added to the bog to inhibit bacterial 
growth in the urine. The bags were removed at 12 hour intervals, 
labeled and frozen until analyzed. Cord-like feces passed from the 
stoma uncollected onto the cage paper. 
Treated birds were force fed ronnel in corn oil solution as 
described by Callahan (1966) except purified ronnel was used (99.W • 
Control birds received identical corn oil feedings differing only In 
ronnel content. All treated birds received bOO mg/kg ronnel for the 
_
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Figure 2 
Equipment Constructed 
Harness Harness on Bird 
Colostomized, harnessed bird 
Collection bag attached 
Estrone 
Estradiol - 17B 
Estriol 
TLC of Standards and Urine 
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first three days of the experiment. 
All experimental birds were force fed a slurry of layer’s pellets 
similar to that described in Section I. A modification was made in 
this technique in that a holding device was built which allowed one 
man to force feed birds. This device is pictured in Figure 3. It 
consisted of a 2' X 2' table which, with the legs cut off and casters 
installed, stood about 3' high. A 2’ X 1* X 1/2" plank was hinged to 
an end of the table. Slots 1/2" wide X 1* long were cut in the plank 
with 1.5" diameter holes at the lower end. A 6.0" "V" made of plywood 
was installed at the upper end of the slots. The plank could be raised 
or lowered by means of an adjustable leg hinged to the anterior portion 
of the plank. A sliding inclined wedge was fitted into a slot between 
the leg slots. 
Experimental birds were removed from their cages one at a time at 
7 A.M. and 7 P.M. daily. The urine bag was removed and immediately 
replaced with a new bag containing antibiotic as described above. The 
\ I 
bag with urine was labeled and quick frozen. The stoma and surrounding 
area was covered with vaseline. Tampering with the colostomy was 
strictly avoided during experimentation. The bird was placed In the 
feeding restrainer by placing the legs through the lower holes past 
the tIbial-femoral joint and then slid forward so that the breast was 
resting in the "V". The Inclined wedge was then moved snugly against 
the rump, over the depressed tail. 
Force feeding was then accomplished as described in Section I, 
except that the funnel was held over the bird’s head by a ring stand. 
Figure 3 
Force Feeding 
Sb 
Holding Board 
* 
Ready for Feeding 
Intubation 
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The birds received 40 g. layers pellets in a slurry of 40-50 ml i^O 
twice daily. Corn oil solutions were fed all birds the first three 
days of experimentation at 10 P.M. All birds received 10.0 ml corn 
oll/kg body weight; treated birds received 400 mg/kg ronnel within the 
corn oil. The urine bags were labeled and frozen until analyzed. 
Estrogen analysis was performed by combining two methods outlined 
by Herman and Wotiz (1966). Estrogens were extracted from hydrolyzed 
urine in the alkaline phenolic fraction described in their method E. 
They were then separated by TLC on glass plates as described in method 
E, beside estradiol-17B, estrone and estriol standards. The standard 
estrogens were located using UV light. The three corresponding experi¬ 
mental spots of each sample were combined and extracted 3 times from 
the silica gel with methanol. The methanol was evaporated; the 
estrogens were then acetylated and the acetates chromatographed as 
described in the 1st method (E). Using this combination of techniques 
the estrogen acetates were identified qualitatively and quantitatively 
by GLC had also behaved as the nonacetylated form in the TLC system. 
RESULTS 
Excretion of Urine 
The volume of urine excreted by control and treated birds is 
contained in Table VIII. Graphs V and VI depict the average values 
from this table and their standard errors. 
Table IX presents the micrograms of estrone excreted in 24 hour 
periods by control and treated birds. Each value represents the 
morning collection pooled with the following night collection; or a 
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night collection pooled with the following morning collection. Table X 
contains the corresponding data concerning estradiol excretion. 
Graphs Vll-X are the average daily mlcrograms of estrone and estra¬ 
diol excreted by control and treated birds with their standard errors. 
Graphs XI-XV are the estrone and estradiol excretion of individual 
birds. An arrow marks the day on which the last egg was laid by the 
bird concerned. 
Treated bird had a large ovarian tumor. The tumor appeared as 
a large red sack. A picture of this ovary and tumor may be found on 
Page 62. The estrone excretion of this bird was atypically higher than 
the other treated birds especially on days two and three. It should be 
noted that these atypical results were not included in the treated means 
of Graphs V and VI. This is the only tumor ever found in over 100 
treated or untreated birds examined during the course of this study. 
Table XI contains the recoveries of estrogens added to five equal 
fractions of the same urine sample. It is interesting to note that 
the estrone replication of the control subsamples was not precise. The 
estradiol replication of these subsamples was substantially higher and 
very precise. The estrone recovered from the fortified subsamples was 
much more consistent. One possible reason for the low estrone control 
precision is the low titers of estrone in the samples. 
The morning and evening (8 A.M. and 8 P.M.) urine collections of 
control Bird #102 were analyzed separately for the first 4 days after 
treatment. Table XII contains the estrogens excreted at these times 
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FIGURE 4 
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BIOSYNTHESIS & METABOLISM OF AVIAN ESTROGENS 
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TABLE XI 
RECOVERIES OF ESTRONE AND ESTRADIOL . ADDED TO 
• EQUAL ALIQUOTS OF THE SAME URINE SAMPLE 
- 2 3 A 
Untreated Ug Added Ug Recovered % Recovery 
0.723 2.5 2.632 69.6 
Estrone 1.845 2.5 3.35 88.6 
2.5 3.33 88.1 
Mean 1.28 2.5 3.103 82.10 
SE 0.563 - 0.235 
11.062 2.5 13.30 97.72 
10.60 2.5 n.68 84.81 
Estradiol 2.5 12. Kj 91.69 
Mean 11.1 2.5 12.48 91.74. 
SE 0.896 - 0.466 - 
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and the percentage of each day's excretion occurring In the urine 
collected at 8 A.M. 
DISCUSSION 
The most significant finding of this study is that after treatment 
with ronnel, estradiol excretion appears to remain stable while the 
level of estrone excretion falls sharply. In the case of control birds, 
cessation of ovulation is accompanied by a surge of estrone excretion. 
The very opposite occurs in treated birds, estrone excretion drops to a 
nearly undetectable level. 
/ 
Common et al. (1965) reported the urinary estrone content of laying 
and non-laying hens as determined by Brown's method. They found non¬ 
laying hens to excrete from 0.7 to 1.2 ug estrone/day. This level rose 
to a peak three to five days prior to the first egg laid and then 
dropped slightly to 2.2 to 5.0 ug/day. Estrone excretion dropped 
sharply in two birds which stopped laying during experimentation. 
These results are generally in agreement with those reported here. 
The lower estrone values reported by Common et^ aK in laying hens is 
due in all likelihood to the greater sensitivity of the GLC technique. 
Figure outlines the biogenesis and metabolism of estrogen 
hormones in birds as presently indicated in the literature. These 
data are largely based on the review of the literature by Breuer and 
Ozon (1965) but has been modified to fit the more recent findings 
cited below. Lunaas and Velle (1960) demonstrated the conversion of 
estradiol to estrone in isolated erythrocytes from the hen; they 
demonstrated this also occurs in the erythrocytes of man, rhesus 
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TABLE XII 
ESTRONE AND ESTRADIOL EXCRETED AT 
TWELVE HOUR INTERVALS BY A CONTROL BIRD 
Bird #102 Estrone Estradiol % Estrone % Estradiol 
Day A.M. A.M. 
1 1 A.M. 19.75 9.1 46.85 54.8 
1 P.M. 22. A 7.5 
2 2 A.M. 51.06 5.1 82.60 18.76 
2 P.M. 10.75 22.08 
3 3 A.M. 29.09 25.41 46.57 62.66 
3 P.M. 33-38 15.14 
4 A A.M. 46.45 24.95 74.6 63.86 
A P.M. 15.80 14.122 
l 
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monkey, horse, sheep, goat, pig* dog, rabbit, guinea pig, rat and mouse. 
Hawkins and Taylor (1967) demonstrated that laying V/hite Leghorn hens 
contained significant labeled estrone in blood plasma 3.75 min. after 
injection with (6, 7"3H) estradio1-17B. Blood plasma was the only 
tissue examined that consistently contained estrone. Besides plasma 
tissues, the liver, bile, magnum, pituitary, median eminence, and 
follicle wall were analyzed. The liver contained most of the injected 
estradiol, still mostly in the form of the free steroid. Very little 
estrone was found in the liver. These data, when combined with those 
presented above indicate the likelihood that estradiol -17 B to estrone 
interconversion occurs predominantly in the erythrocyte. Velle and 
Ericlfsen (1360) demonstrated that the bovine kidney cells interconverts 
estradiol and estrone in vitro. Ericksen and Velle (i960) found that 
the bovine liver cells in vitro interconvert estradiol and estrone only 
at very low levels. Therefore estradiol-estrone interconversion 
appears to occur outside the liver in cattle as well as chickens. 
Hawkins and Taylor also found that the magnum of the oviduct, which 
took up 3-6% of the total injected activity, and the other tissues 
examined, took up very small fractions of the total injected activity. 
The steroids these tissues contained however were predominantly free 
radio steroids. These free steroids consisted of estradiol, traces of 
estrone, and an unidentified substance which was probably not estriol 
or 16, 17 epiestriol but may have been either 16- or 17~epiestriol• 
This unidentified compound constituted up to 30% of the labeled 
steroid found in the follicle v/a11. This situation is in marked con- 
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trast to the mammalian situation in which radioactivity taken from the 
uterus, pituitary and hypothalmus (responsive tissues) were shown to 
exist almost entirely to radio free estradiol-17B, King et_ ah (1965), 
Jensen and Jacobsin (1962), and Stumpf (1968). This is the most direct 
evidence of a major difference between avian and mammalian estrogen 
metabolism. It is important to note here that both 16- and 17- 
epiestriol have been isolated as metabolic products of injected radio¬ 
active estrogens in the urine and/or feces by several authors, 
Ainesworth et_ aj_. (1962) - estrone-16-C^» Me Rae et_ al_, (i960) estriol- 
1A 
16-C and finally Ainesworth and Common (19^3) ~ oxoestradiol 
-17B-16-C1*1, Hertelendy and Common (1964) isolated crystalline 16- 
epiestriol from hen urine and characterized it on the basis of its 
melting point, and those of its acetonide and triacetate plus the 
chromatographic behavior of the isolated product and five derivatives 
in three chromatographic systems. Rand and Hobkirk (1967) demonstrated 
that 16-epiestrJol and estriol could be interconverted by avian liver 
tissue in vitro. 
The significance of the above literature concerning the results 
presented here is: 
1. Basically avian estrogen metabolism is similar to mammalian. 
2. Avian estrogen metabolism differs from mammalian in that 
estradiol-17B is not the principle free steroid found in estrogen 
responding tissues. This steroid may be 16 or 17 epiestriol, 
3. Estrone is found predominantly In the blood plasma and Is 
apparently metabolized from estradiol-17B primarily in tissues other 
than the liver, Including the erythrocytes. 
73 
A. As in mammals the role the individual estrogens play in avian 
reproduction is unknown. 
5. The sharp drop in estrone excretion indicates a possible 
interference in the conversion of estradiol -17 B to estrone; possibly 
in the erythrocyte. 
6. The stress induced rise in estrone excretion is probably 
mediated through the hypothalmico-pituitary-adrenal route. The rise 
in estrone excretion indicates a shift in estrogen metabolism favoring 
estrone. Surprisingly estradiol~17B excretion did not change. 
7. The drop In estrone excretion caused by ronnel ingestion in¬ 
dicates a metabolic shift away from estrone. This may be caused by a 
direct action on 17B~hydroxysteroid-oxydoreductase, one of its co¬ 
factors, or a more indirect effect on estrogen metabolism. 
8. Complete interpretation of these data would require much more 
basic knowledge of avian estrogen metabolism including the quantitative 
levels of the individual estrogens in various tissues, their complete 
metabolic interrelationships, and especially the roles they play in¬ 
dividually in reproductive physiology. Recent publications indicate 
(01Mu1ky et al. 1968) that estrogens stimulate protein synthesis in 
responding tissues. What organs and tissues are effected by the 
various estrogen metabolites is unknov/n. 
CONCLUSIONS 
A. Ronnel fed in corn oil solution for three successive days at 
300 mg/kg/day dosages has the following effects on White Leghorn hens: 
\ 
1. inhibits feeding 
2. inhibits ovulation independent of starvation 
3. lowers estrone excreted via the kidneys 
4. has no apparent effect on the urinary excretion of 
estradio1-17B, Stress induced cessation of ovulation, control birds, 
Experiment 2, was undoubtedly mediated through the hypothalmico- 
pituitary-adrenal complex. Yet estradiol*-17& levels showed no decline 
over the extent of this experiment. Therefore the fact that estradiol- 
17B did not decline in the experimental birds does not mean that the 
pituitary was not involved. 
Future experiments should; 
1. Determine if other phosphate and chlorinated hydrocarbon 
insecticides similarly upset estrogen metabolism in birds as the 
literature indicates they might. 
2. Determine if ronnel or its oxygen analog is capable of 
inhibiting the conversion of estradiol-17B to estrone in vitro and, if 
so, the nature of this inhibition. 
B. Stress causes the excretion of estrone to rise sharply with 
little change in estradiol-17B excretion concomitant with cessation of 
ovulation. 
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